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SECTION 1.0 


POWER MODULE CMC APPLICATION STUDY RESULTS 


1.0 DESIGN MODIFICATIONS 

1.1 Directed Modifications 

The directed design modifications to the Skylab/ATM CMG for 


application to 

the Power Module include the following: 

(a) 

New rotors of a different material, in accordance 
with MSFC Spec. 522A, with high resistance to 
stress corrosion cracking. The selected material 
is Custom 455-HlOOO. 

(b) 

Incorporation of the spin bearing retainer fix 
determined during post Skylab Mission activities. 

(c) 

Improvement in the speed pickoff through the use 
of pickoff thermal cycling screening tests. 

(d) 

Incorporation of Unlimited Glmbal Freedom on both 
axes using Slip Ring Assemblies (SRA). 

(e) 

Incorporation of on-orbit replacement capability 
for the CMG Assembly and the Inverter Asseinbly 
(lA). 


1.2 Additional Modifications 

As a result of a review of the Skylab Mission support activities, 
it was decided to Incorporate a Dual Range Speed Output for 
telemetry into the lA to additionally aid in health status 
monitoring during the Power Module Mission. 


2.0 CMG HARDWARE IMPACT 

2 . 1 General 

The hardware effort applicable to the conversion of the Skylab/ATM 
CMG subsystems to Power Module CMG subsystems consists of 
incorporating the design modifications, deleting unused hardware 
where necessary and refurbishment. These efforts are briefly 
described and listed in the tabulations that follow. 
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Clio As8«iiA>l7 (With SA) 


The design modifications impact the Inner Qliid>al and Rotor 
Assembly (IGRA), the Sensor Pivot Assemblies (Inner Glmbal and 
Outer Glmbal), the Frame (Mounting Ring) and Internal CMG 
Assembly electrical wiring. 


2.2.1 IGRA 

The modification Impact on the IGRA includes the Incorporation 
of new rotors (of a different material - Custom 455-HlOOO), spin 
bearings with new retainers and magnetic speed pick-ups which 
are thermal cycle screened. In addition, a new design Internal 
IGRA wiring harness will be incorporated as a result of the 
Incorporation of unlimited glmbal freedom using slip rings. 

This is necessary to reduce the number of rings required in order 
to fit the Slip Ring Assembly into the Sensor Pivot Assemblies 
without changing their major housings, shafts, etc. (i.e. 
minimum Impact). This will be partially accomplished by deleting 
the unused spin bearing high level heater circuit wires from the 
IGRA and changing the number of spin motor wires from 3 per phase 
to 2 per phase and still retain adequate current carrying rating. 
The low level spin bearing heater circuit will remain. This 
deletes 15 wires that would have to be carried across the CMG 
glmbal axis pivots on slip rings. Lastly, the IGRA Internal 
wiring harness will concurrently be changed to eliminate the need 
for soldering or unsoldering operations when the spin bearings 
are Installed. This will facilitate ease of any assembly or 
dis-assembly operations that may be required in the future and 
avoid the potential for bearing contamination. 


2.2.2 Sensor Pivot Assemblies (IG and OG) 

The modification impact on the Sensor Pivot Asseniblles includes 
the incorporation of unlimited glmbal freedom using Slip Ring 
Assemblies (SRA) in each pivot assembly. Studies determined 
that a sixty (60) ring SRA would be the maximum size, of conserv- 
ative design (rings, redundamt brushes, insulating blocks, 
lubrication and bearings, wire size and wire input/exit arrange- 
ment), that could be accommodated without major housing/shaft 
changes (i.e. minimum impact). Further study showed that the 
60 rings would be sufficient for the Power Module CMG as a result 
of the deletion of unused or unnecessary circuits. These 
deletions include the following: 
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(Cont'd) 

(a) The IGRA high level heater circuit and fewer spin 
motor leads described in 2.2.1. 

(b) Deletion of the Control Law Resolver and Linear 
Resolver circuits. These resolvers are mounted 
in the Sensor Pivot Asseniblies along with the 
Desaturation Resolver. The three resolvers will 
physically remain in the Sensor Pivot Assmnblies, 
as before, but the circuits/wiring of the Control 
Law and Linear Resolvers will not be used. The 
Desaturation Resolvers will be used to output 
glmbal angle data in accordance with the Interface 
information in Section 3.0. 

(c) Deletion of the limit switch circuits associated 
with glmbal stops. 

The same 60 ring SRA will be used in the Inner and 
Outer Glmbal Sensor Pivot Assemblies for 
conaaonallty . Mechanical changes involve deletion 
of devices associated with mechanical stops, 
deletion of the flex leads and deletion of the 
center electrical connector on the centerline of 
the pivot axis of rotation. Pivot assembly leads 
will exit on a pigtail arrangement thus deleting 
a set of electrical connector pins in Internal 
CMG wiring. This center connector is deleted to 
accommodate the SRA in each pivot assembly. 


2.2.3 Frame (Mounting Ring) 

The frame will be modified slightly to accommodate CMG orbital 
replacement capability as indicated by concept in Section 6.0. 


2.2.4 Internal CMG Electrical Cables 

These cables will be new designs as a result of the wiring changes 
discussed previously. The cable runs are supported on the frame, 
outer glmbal and inner glmbal. I 
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Inverter AM«Bbly (lA) 


tills unit is Inpsctsd by ths incorporation of lA orbital rsplaos- 
Dsnt capability (ses concept in Section 6.0) and proridisf a dtuil 
range speed output for telwnetry. The present speed circuit 
module will be replaced by a dual range speed circuit module with 
appropriate wiring change to output data in accordance with the 
interface Information in Section 3.0. 

The tabulations that follow indicate the effort to be accOTqplished 
to provide the design modifications, necessary deletions and 
refurbishment for the Power Module program. 
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SECTION 2.0 

POWER MODULE CMC 
INTERFACE INFORMATION 


• FOR POWER M(»nLE APPLICATION 

• DESIGN MODS. TO THE SKYLAB/ATM CMC (MA 2300) 

• CABLE SCHEMATIC 

• ELECTRICAL INPUT/ODTPDT LIST 

• SKYLAB/ATM CMC 

• DESCRIPTION 

• CMG ASS*Y DWG. 50M22136 

• CMG lA DWG. 50M22137 

• CMG THERMAL BLANKET DWG. S0M221S1 
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MAJOR DESIGN MC^IFICATIONS 
TO THE MA 2300 DGCMG (DGCMG) 
FOR THE POWER MOT)DLE APPLICATION 




• NEW ROTORS OF A DIFFERENT MATERIAL. 

• SPIN BEARING RETAINER FIX. 

• UNLIMITED GIMBAL FREEDOM-ADD SLIP RINGS. 

• ORU CAPABILITY. 

• DUAL RANGE SPEED OUTPUT FOR TELEMETRY 

• NEW CMC ASS' Y INTERNAL WIRING AND CABLES. 

• DELETE UNUSED COMPONENTS AND WIRING; 

• MECHANICAL STOPS, FLEX LEADS. LIMIT SWITCHES, 

CAM FOLLOWERS ETC. 

• HIGH LEVEL HEATERS 

• "CONTROL LAW RESOLVERS" AND "LINEAR RESOLVERS" . 
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POWER MODULE CABLE SCHEMATIC - CMG/CtIGIA 
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2) CMGIA CABLES Jg Jg aod J, 
ARE SPACECRAFT CABLES ! 



POWER MODULE 

CMG/CMG ELECTRONICS ASSEMBLY 
INPUT/ODTPOT LIST 


FUNCTION 

DE^RIPTION 

SCALE FACTCHt 

SOURCE 

Out^ Giinbal 

0 TO + 5 VDC, Floating 

+ 5 VDC * ♦ 7 deg/sec 

Digital CM>IR 

Rate Cbamand 

Inoer Gini)al 

0 TO ^ 5 VDC, Floating 

+ 5 VDC » + 7 deg/sec 

Digital OffTR 

Rate Cbnmnd 

Resolver 

lOV, 4.8 k&. 


CMGIA 

ExcitatiiMi 

FOR GIMBAL AK2£ RESQLVBtS. 


CMGEA Power 

28 VDC; lOV. 4.8k & 
FOR IG & OG SERVO. 


OCIA 
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FUNCTION 

Inner Glmbal 
Resolver-Sine 

Inner Ginibal 
Reso 1 ver -Cosine 

Outer Gimbal 
Resol ver-Si ne 

Outer Gimbal 
Reso 1 ver -Oosiite 

Resolver -Signal 
Keying 

Inner Gimbal 
Tachometer 

Outer Gimbal 
Tachometer 

CMGEA Chassis 
Grnd . 

CMG FRAME TEMP. 


POWER MODULE 

CMG/CMG ELECTRONICS ASSEMBLY (CONTINUED) 
Outputs 

Discription Range 

0 TO 8.5V, 4.8 kHz 
(Into lOK ohms Load) 

0 TO 8.5V, 4.8 kHz 
(Into lOK ohnmt. Load) 

0 TO 8..5V, 4.8 kHz 
(Into lOK ohms. Load) 

0 TO 8.5V, 4.8 kHz 
(Into lOK ohms. Load) 

lOV, 4.8 kHz 


56.55 Volts = 1 rad/sec 


.*>6 . 55 Vol ts = 1 rad/sec 


2K ohm. Thermistor 


DMtlnatlon 
Digital ClffTR 

Digital CMPTR 

Digital CMPTR 

Digital CMPTR 

Digital CMPTR 

CMGIA 

CMGIA 

CMGIA 

CMGIA 


CMG Shield 


CMGIA 


^ 1 r*, i 

OF POOR Q’wAUTY 


FUNCTION 


POWER MODULE 
CMC INVERTER ASSEMBLY 
INPOT/OUTPOT LIST 

Injputs 


Inputs 

de^6ri>tion 


SOURCE 


P ow er Input non-iwneuverinK 
mneuvering 
Heaters 


24 TO 32 VDC ISO Wstts* 
24 TO 32 VDC 0-160 Istts 
24 TO 32 VDC 52 Ihtts 


FM Power Supply 

Dity Cytl9 1% (Mostly gg 

Duty cycle 50E Doset) 


Conmands 


CMT. Wheel On 
CMTi Wheel Off 
0*3 Wheel Brake On 
CMG Wheel Brake Off 
CMS Servo AMP Ota 
Evacuati<» Value Open 
Evacuation Value Close 
Bearing Heater Cbmnand 
Auto Sutdown Inhibit 


28 VDC, Discrete 


Digital OPIR 
TM 

Manual Controls 


Wheel Speed 

30 Pulses per Revolution 

CMG Sensor Pivot 

Bearing No. 1 Thermistor 

10,000 OBMS At 25°C 

CMG Sensor Pivot 

nnnring Nr>. 2 TheTWistor 

10,000 OHMS At 25°C 

CMG Sensor Pivot 

Kvat* V:ilv«' Ofjf'n Indication 

28V. Discrete 

CMG Sensor Pivot 

Connector Shield 


CMG Sensor Pivot 

CMG Frame Tenp 

2K OHM, Thermistor 

CMGEA 

Inner Giirbal Thchcmeter 

56.55V « 1 rad/sec 

CMGEA 

Outer Giiibal Tachometer 

56.55V - 1 rad/sec 

CMGEA 

CMGEA Chassis Gnd 


CMGEA 


•240 Ihitts peak during 12 hour run-up. 
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INVERTER ASSEMBLY 

(CONTINUED) 



Outputs 



Function 

Description 

Range 

Destination 

liieel Current 




A Flmse 

0 TO 5 VDC 

0 TO 3 ihi|s 

TM/Display 

B Phase 

0 TO 5 VDC 

0 TO 3 Aope 

TM/Display 

C Phase 

0 TO 5 VDC 

0 TO 3 AMPS 

IM/Dlaplay 

CMCt Iheel S|)eed 

0 TO 5 VDC 

0 TO 10 KRPM 

TM/DlapUy 

CMS Wheel %wod 

0 TO 5 VDC 

8 TO 9 ERFM 

IM/Uaplay 

Bearing #1 Tenp 

0 TO 5 VDC 

-10*^ + 100®C 

TM/Display 

Bearing #2 Tenp 

0 TO 5 VDC 

-10°TO + 100®C 

TM/Dl^lay 

Bearing Tenp Alert(Cautlon) 

28 VDC, Discrete 

leo'V - On 

TM/Display 

CMTt IRieel /Servo Indicat lc« 

28VDC, Discrete 


TM/Display 

Auto Shutdown Inhibit Indicator 

28V DC, Discrete 


TM/Display 

Evac Valve Op«i Indication 

28V DC, Discrete 


TM/Display 

OCIA Tenp 

2k GHH, Thermistor 


TM/Display 

Outer Gixrbal 

Sensor Pivot Tenp (FRAME) 

2k oral, Thermistor 


TM/Display 

Inner Glirbal 
Thchotneter 

0 - 6.9 VDC 

56.55VDC - 1 
rad/sec 

TM/Display 

Outer Oiithal 
Tbchometer 

0 - 6.9 VDC 

56.55VDC « 1 
rad/sec 

TM/Display 

Roanlver Eja'.itation 

lOV, 4.8k Hz 


CMCZA 

OUCEA Power 

28VDC; lOV, 4.8kHz 
IG & OG Servo 


CMGEA 

CMG Wheel Rower 

130V, 455 R5, 3 ^ 


CMG Sensor Pivot 

24 Ustt Bearing Heater Side 1 

28VDC 


CMG Sensor Pivot 

24 Ibtt Bearing Heater Side 2 

28VDC 


CMG Seeaor Pivot 

Evacuation Value Open Gomnand 

28VDC, Discrete 


CMG Sensor Pivot 

Evacuation Value (n.ose Cornnand 

28VDC, Discrete 


CMG Sensor Pivot 

28V. DC Excit. For Evac. Valve 

28VDC 


CMG Sensor Pivot 

l>wt'r to External load 

28V, 800 Hz 


not used 

h>wi‘r l(» ExU'mal lojul 

i:iOV, d.'i.'S Hz, :i <9 


not used 

Rjwer to External Load 

lOV, 4.8k Hz 


not used 
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MA 2300 DOUBLE GIMBAL CMC (DGCMG) 

CMC CMOIA (lnv»rfr A««<ably) 

MODEL IDBNT: NASA P/N 50M32136 NASA P/N 5(MI22137 

Bendlx P/N 2120100 B«ndlx P/N 2121500 

Yes. See Table 2.2-5 

Skylab - ATM Contract NA88-20661 

*270 Iteys (Skylab Mission) . See 
attached Life Testing Suwnry, 
Table 2.2-3. 

See attached Sumary, Table 2.2-4 
QUANTITY BUICT FOR PROGRAM: 12 


SPACEFLlGIfr QUALIFIED: 
PROGRAM: 

TOTAL HOURS FLOWN: 
MTBF: 


• P1U.S Re-activation Mission; From 6/8/78 to 
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GENERAL DESCRXl^TION 


ATM CONTROL MOMENT GYRO CONTRACT (8KYLAB MISSION) 

Th« B«ndlx, Navigation k Control Division was 
under contract to NASA/Marshall Space Flight Center to deliver 
large double giabal control Moaent gyros for the Apollo Telescope 
Mount (ATM) ProgrsM. This unit has a soMentm storage capability 
of 2300 ft»lb-sec. and operates at a speed of approxiaately 9,000 
RPM. 


Figure 3.2-1 is 

a photograph of the ATM CMG in flight configuration and Figure 2.3-2 
shows the unit with its top cover removed thereby exposing a view 
of its gimbals, pivots and the innermost evacuated cavity which 
houses the inertia wheel. The glmbal drive electronics box is 
shown externally mounted on the frame. 

Basically, the CMG is a gyro wheel, spin motor and bearing 
assembly in an inner glmbal mounted in an outer glmbal, which in 
turn is mounted in a frame and cover base assembly. The inner glmbal 
and frame are interconnected by pivots. Each pivot contains a set 
of bearings, a resolver assembly and flex leads in a housing to 
form a Sensor Pivot Assembly on one side and a set of bearings, 
a DC Torquer, DC Tachometer and a gear package in a housing to form 
an Actuator Pivot Assembly on the other side. Various miscellaneous 
parts are mounted on the gimbals and frame assemblies. A glmbal 
drive servo electronics box is mounted externally on the CMG frame. 

In addition to the (^G, Bendix furnishes an Inverter Assembly with 
each ATM CMG to form one CMG subsystem. This is a separate 
electronics box to furnish AC power, control circuits and condition- 
ing electronics for telemetry and astronaut display. Figure 2.2-3 
is a simplified block diagram showing the elements and interfaces 
of the Bendix furnished ATM CMG Subsystem. Table 2.2-1 and Table 
2.2-2 lists the CMG Subsystem external physical and performance 
characteristics. Table 2.2-3 summarizes our excellent life testing 
to date. 


Bendix CMG's are assembled and tested in the same clean 
room facilities and by the sane expert personnel as was the Saturn 
ST-124 platform and Pershing missile platform. Figures 2.2-4 and 
2.2-5 are photographs of these areas. 

Under this contract, BNC also developed a Torque Measure- 
ment Fixture (TMF) which has been used with all of our CMG's. The 
TMF is used to measure CMG reaction torques transmitted to the mounts. 
The TMF consists of a mounting ring, which houses the CMG. The 
mounting ring Is supported quadrantally by four torque sensing beam 
assemblies, which in turn are mounted to a concrete block (See 
Figure 2.2-6). The concrete block is isolated from the floor by 
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air pads to sllsinats any background vibration pickup. Tbs four 
torque sensing beas assesblies contain an array of seai-conduotinr 
strain gages, which are wired into a Wheatstone bridge configuration. 
The sensors are used to sense triaxial forces and scaents transaltted 
to the Mount by the CMO. A photograph of the TMP is shown in Figure 
2.2-7. 

The natural frequency of the *niF is 59 HZ and it has a 
threshold torque sensing ofiCO.Ol ft. lbs. Sensitivity of tbs torque 
output per axis is 25O0A4v/ft-lb. Range of torque outputs is 0.01 
ft-lb to 200 ft-lb. 


ORIGINAL' PAGE 

BLACK AND Vi/HITE PHOTOGRAPH 
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SKYLAB/ATM CMC SUBSYSTEM 
EXTERNAL PHYSICAL CHARACTERISTICS 


CMC 

SIZE: 

WEIGHT: 

MOUNTING: 

EXTERNAL 

FINISH: 


SUBSYSTEM 

WEIGHT: 


CMGIA 


39" X 41 7/8" X 38 S/8" SIZE: 


418 Lbw. 


WEIGHT: 


Four Point C.G. 


MOUNTING: 


Pyroaiark (White) 


EXTERNAL 

FINISH: 


39" X 23 1/3" X 3 1/3" 
49 Lbe. 

18 Point Bolt Attneh. 
PyrooierK (White) 


e “ 0.9 Noe. 

•C - 0.25 Mex. 

467 Lbs. (One CMC end lA) 


0.9 Noa. 
0.29 Max. 


TABLE 2.2-1 
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SKYLAB/ATM CMC SUBSYSTEM CHARACTERISTICS 


Stored Anfular MoM«ntun 

Mulmim Output Torque (Siaulteneoue 2 glabala) 
Degree* of Freedo* 

MaxlBua Giabel Rate Inner Glabnl 

Outer Glebnl 

Glnbnl Rotation (Mech. Stopa) Inner Glebal 

Outer Glabal 

Bandwidth (Over Giabal Angle Range and 

over 0.2 deg/aec to 3.5 deg/aec 
cnM«. range) 

Power at Noainal 28V. line (on orbit) 

Wheel Spin Control (2 motora) - at Speed 

- Spin Up peak 
• DC Brake 

Glmbal Control - Both at 3.5 d >g/eec - peak 
Spin Bearing Heater Control • peak 
Other Inverter Aaaembly Functiona - peak 

Wheel Spin Up Tine (28 V. Line) 


2300 ft-lb-*ec 
122 ft-lb 
2 

4 deg /eeo 
7 deg/seo 

4- 80 deg . 

7 175 deg. 

4 HZ to 10 HZ 


80 Watt* 

170 Watta 
28 Watta 
170 Watta 
52 Watta 
70 Watta 

14 hra. nax. 


Wheel Decelleratlon Tine (DC Braking) 


5 hra. nax. 


IGRA; Rotor Rinaed Diak of Maraging Steel 

Rotor Dianeter 22 in. 

Rotor Weight 145 lb*. 

Rotor Operatinx Speed (Synch. Speed 9100 RPM) 9,000 RPM 
Spin Motor 2 Three niaae Dual Cage Induction 

Motora . 

Monltora: Bearing Themiatorn 

Wheel Speed 

Cavity Preaaure tor Ground Tent Uae 
Bearing Vibration (or Ground Tent Uae 


Each Ac’tiiator Pivot Aaaenbly: 


Gear Ratio 

Torque Motor (Bruah Type) 
Tachnnetor (Bruah Type) 


56.8 to 1 

Inland TS793A, 7 ft>lt 
Inland TC2815A, 

IV. /Rad. /Sec. 


Kacli SciiNor Pivot AHHomhly: 

El ox (.oniiw 

(;inhal PoMition Pickoff 3 Reeolvera 

Glnlial Excuraion Linit Switchea 


TABLE 2.2>2 
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ATM CMC SUBSYSTEM - LIFE TESTING SUMMARY 


IGRA - IGRA'S built to date: 15 Units 

(WHEEL ASSEMBLY) 

Total Hours IGRA's: 

"Zero G" Lire Test Fixtures 

on Run: 8 Units 

Total Hours "Zero G": 

Cumulative Total Hours: 

Maxiaun Hours on a Single 
Test Unit: 


ACTUATORS 
(TORQUER/TACH 
AND GEAR 
PACKAGE) 


F).EXLEAO 

ASSEMBLY 


FULL CMOS 


Units with Hours in Excess 
of 20,000: 10 Units 

- One wet lube Actuator, 

Nari'ow Gear Design has 
completed 300 days of real time 
testing at MSFC. 

Two wet lube flight configuration 
actuators complete<l 300 days of 
accelerated life testing. 

One wet lube flight configuration 
actuator completed 300 days of 
real time life testing. 

- Room temperature and low temperature 
life test performed and demonstrated 
life capability grossly in excess of 
10 years. 

- Three CMG’s (S- N 1, 2. 3) have been 
in use at MSFC on their motion 
siraulatot* for the past three years 
without any significant problems. 
Cumulative total hours. 

- Three CMG’s (SN.5,6,7) - Sky lab 
Mission . 

(Simulative total hours in Orbit. 

- Six CMG's (SN4,8,9.10,11 .12) - 
Total hours 

* Plus Re-Activation Mission 6/8/78 to 
TABLE 2.2-3 


100,000 

250.000 

350.000 

33,000 


100,000 

17.000 * 

23.000 
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ATV CMC SUBSYSTEM RELIABILITY SUMMARY 



FAILURE 

RATE 

MTBF 

FAILURE* 
RATE (NET) 

RELIABILITY 

P** 

CMC 

35.33 PPMH 

28.301 HR. 

9.71 PPMH 

0.9456 

CMCIA 

17.21 PPMH 

58,109 HR. 

4.07 PPMH 

0.9768 

SYSTEM (2 OUT 
OF 3 SUBSYSTEMS) 

— 

— 

— 

0.9834 


* Criticality Considered 
** For 240 day Bisslon 


NOTE: The Above Failure Rates Used 1969 Failure Rate Data. 


TABLE 2.2-4 
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ATM CMC 8UBBYSTIM IM¥HI(inBllT8 
(NQTI: UMITS LOCARD OM ATM ftilCK-IXnRIOIl OT SPACECRAIT) 

QOALiriCATlON 


GROUW) C0WPITI0M8 
HIGH RMP. 

LOW RMP. 

THERMAL SHOCK 

HUMIDITY 


CMG 


*74^ SOAK 
43S<^ OmATINQ 

-48<\; SOAK 
0^ OFIRATIIIG 

74®C, -48°C, 74®C 
3 CTCUS: 5 MIH. 

BBTHSIN SOAK RMP6 . 


CMGIA 


♦74<^ SOAK 
4>74% ORRAriMG 

•49PC SOAK 
-AtfiC OIKRATIMG 

74®C, -60®C, 74®C 
3 CTCU8; 5 MTN. 
BITWBH SOAK RMRS . 

SAW AS CMG 


5 CYCLES: 

38%» 50% R.H. rOS 
6 HKS. 

5 HIS. TO 25®C AMD R.H. 

TO 100% 

8 BBS . TO 81®C Wm BBLBASB 
OB' HARR 

4 HRS. TO 39PC AMD R.H. 

TO 41% 

1 HR. AT 38<\: AH> R.H. 

TO 50% 


MECHANICAL SHOCK 


ISg. RAK, 10 IB., HALF ISg. FIAK. 10 IB . , 
SINK HAlf SINE 


LAUNCH-BOOST COWDITIOMS 
ACOUSTIC VIS. TABLE I 

ACCELERATION If. AMY AXIS 

VIBRATION TABLE II 


TABIE I 
lOf AMY AXIS 
TABLE II 


TABLE 2.2-5 
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ATM CMC SmSYSTIM IMTISOllMIlin 
QQAUriCArXOM 


FLICflT COHDITIOK8 
IBIRMAL TACUini: 

HOT BXTBIMI - 

COU> BXTRBIB - 


RPI 


CMB 


CMBIA 


SAMI AS CMG. 


mBssm: 1 X 10*^ mwg. 

■FT. BBAT SINK: 3S<^ 

FIIB88IBB: 1 X 10'*^1IIIIG 

IFF. BSAT SIIK^ -62^* 

MIL-I-6181D MIL-X-6181D 


*P0«XB TUBMBD ON PRIOR TO LOWERING lEMPBRATORE 


TABLE 2.2.5 (CCNTINUED) 
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Jf POOR QUALITY 

ACOUSTICAL - VXBSATION IMV1I0MIB1IT8 

TABLE 1 . Acoustical 

Major zona; Payload, intornal, to zhroud 

Oaa-tlilrd octavo band acoustical spsclflcatlon in db rs: 
2 X 10*'dyBSs/oB* 

Tost duration: High Isvsl <>2.0 sinutos 

Los Isvsl - 1.0 slnuts 



Ons-thlrd octavo 
band gsosstric 
woan frog . (cps) 


Intornal Sound Prsssurs 


High Lsvsl (dbl 


Los Lavsl (db] 


5.0 

138.5 

118.0 

6.3 

140.0 

121.0 

8.0 

141.5 

124.0 

10.0 

142.5 

126.5 

12.5 

143.5 

128.0 

16.0 

144.5 

129.5 

20.0 

145.5 

131.5 

25.0 

146.0 

133.0 

31.5 

146.0 

134.5 

40.0 

146.5 

135.5 

50.0 

146.5 

136.5 

63.0 

146.0 

137.5 

80.0 

145.5 

138.5 

100.0 

143.0 

139.0 

125.0 

140.0 

138.0 

160.0 

136.0 

135.0 

200.0 

132.5 

133.0 

250.0 

130.0 

131.0 

315.0 

128.0 

129.0 

400.0 

124.0 

126.0 

500.0 

121.0 

123.0 

630.0 

118.0 

120.0 

800.0 

115.0 

117.0 

1000.0 

112.0 

113.5 

1250.0 

109.0 

110.0 

1600.0 

105.5 

106.0 

2000.0 

102.5 

102.5 

2500.0 

99.0 

99.0 

3150.0 

95.0 

95.0 

4000.0 

92.0 

91.5 

5000.0 

89.0 

87.5 

6300.0 

85.0 

84.0 

8000.0 

81.0 

80.0 

10000.0 

78.0 

76.0 




Overall sound proosuro Isvsl 156.5 


147.0 


TABLE 2.2-5 (CONTINUED) 
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ORIGfNAL PAGE 13 
POOR QUALITY 

TABLE II - VIBRATION 


A. Specification 2-Input to -Z, *Z, and -Y CMC, Mounting Lugs of 
Rack Mounted Control Moment Gyros (CMC) 

1. Vehicle Dynamics Criteria 

Flight Axis (5-30 Hz 0 3 oct/mln) 

5- 13 Hz <il .29 Inches D.A. Disp. 

13- 30 Hz 6 2.5 g'a peak 

Lateral Axia (5-30 Hz @ 3 oct/mi n) 

5- 12 Hz # .20 Inches D.A. Disp. 

12- 30 Hz e 1.5 g's peak 

2. Sine Evaluation Criteria (20-2000 Hz O 1 oct/mln) 

20- 90 Hz Ol .0024 Inches D.A. Disp. 

90 - 2000 Hz e 1.0 g's peak 

3. High Level Random Criteria (1 min/ axis) 

20 Hz e .000040 g^/Hz 
20- 90 Hz <( -»- 9 dB/oct 

90- 140 !Iz % .0036 g«/Hz 

140- 360 iz + 9 dB/oct 

360- 460 Hz @ .065 g*/Hz 

460- 2000 Hz @ -12 dB/oct 

2000 Hz % .00018 g2/Hz 

Composite - 4.7 grms 

4. Low Level Random Criteria (« min/axis) 

20 Hz ® .O000050 g^/Hz 
20- 90 Hz @ + 9 dB/oct 

90- 140 Hz @ .00047 g^/Hz 

140- 360 Hz e + 9 dB/j^t 

360- 460 Hz @ .0086 g^/Hz 

460- 2000 Hz @ -12 dB/oct 

2000 Hz A .000025 g^/Hz 

Composite - 1.7 grms 

5. Shock Criteria - Flight 
No shock test required 


TABLE 2.2-5 (CONTINUED) 
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ORiGliMAi: PAGc 13 
OF POOR QUALITY 

TABLE II - VIBRATION - SPECIFICATION R - 3 - C 


B. CMGIA Criteria 

Input to conponente Mounted on ATM' Honeycoeb Shear Panel 
(Quarter Panel). Total weight of coaponents per panel 
greater than 100 pounds but less than 200 pounds 

1. Vehicle Dynamics Criteria 

Flight Axis (5-30 Ha 0 3 oct/min) 



5- 

13 Hz « 

.29 Inches D.i 


13- 

30 Hz Q 

2.5 g's peak 


Lateral Axes (5 

-30 Hz 3 

oct 'min) 


5- 

12 Hz 6 

.20 Inches D.j 


12- 

30 Hz fSi 

1.5 g's peak 

2. 

Slne Evaluation 

Criteria (20-2000 Hz 0 


20- 

90 Hz e 

.0033 g*/Hz 


2000 

Hz 0 1.3 g' 

s leak 

3. 

High Level Random Criteria (1 min/ axis) 



20 Hz e 

.00030 g^/Hz 


20- 

90 Hz « 

+ 9 dB/oct 


90- 

150 Hz E 

.023 g2/Hz 


150- 

285 Hz t 

+ 9 dB/oct 


285- 

500 Hz « 

.15 g2/Hz 


500- 

2000 Hz E 

-12 dB/oct 



2000 Hz E 

.00059 g2/Hz 

4. 

Low Level Random Criteria 

(4 min/axis) 



20 Hz E 

.000070 g^/Hz 


20- 

90 Hz 

+ 9 dB'wt 


90- 

150 Hz 

.0058 


150- 

285 Hz <!<- 

+ 9 dB/oct 


285- 

500 Hz 

.038 g2/Hz 


500- 

2000 Hz E 

-12 dB/oct 



2000 Hz E 

.00015 g2/Hz 

5. 

Shock Criteria 

- Flight 



Ci>mposlte ~ i 


Composite “ i 


No shock test required 


TABLE 2.2-5 (CONTINUED) 
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.2 grms 
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rfiCS !3 

OF POOR QUALITY 



FIGURE 2.2-6 - TORQUE MEASUREMENT FIXTURE (TMF) 
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68-3502 
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TORQUE MEASURING FIXTURE 


SECTION 3.0 


POWER MODULE CMC 
REFURBISHMENT PROGRAM 
MAJOR MILESTONE SCHEDULE 


CMC CONTRACT 
MONTHS ARO 

PDR 1 
CDR 5 
UNIT #1 DELIVERY TO MSFC 22 
UNIT #2 DELIVERY TO MSFC 23 
UNIT #3 DELIVERY TO MSFC 24 
UNIT #4 DELIVERY TO MSFC 25 
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SECTION 4.0 


POWER MODULE CMC 
RELIABILITY ESTIMATE 


The estimated net failure rate for one CMC Assenibly and one 
Inverter Assembly is given in Table 4-1. The basis for this 
estimate is provided in the table notes starting with the 
final ATM CMC contract reliability predictions in 1970 and 
1971. 


4-1 
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TAEU 4-1 


UC. 

Or- QL'ALITY 

SECTION 5.0 

POWER MODULE CMC 
LIMITED LIFE ITEMS 


A list of limited life Items for the CMC and lA is provided 
below. The class of items listed are those Involving potential 
for wear, fatigue or degradation in mechanical properties over 
long time periods or repeated use such as assembly and 
dis-assembly operations on earth. 


1.0 

1.1 

1 . 1.1 

1 . 1.2 

1.1.3 

1.1. 3.1 

1.1. 3.2 

1.1. 3.3 
1.2 
1 . 2.1 
1 . 2.2 

1.2.3 

1.3 

1.3.1 

1.3.2 

1.3.3 

1.3.4 

1.3.5 

1.3.6 
1.4 

1.4.1 

1.4.2 

1.4.3 


In the CMG Assembly (CMC) 

IGRA (Inner Gimbal and Rotor Assembly) 

Spin Bearings and Lubricant 
Dynamic Lubrication Nut /Lubricant 
Vacuum Cavity Seals 
Top and Bottom Cover Seals 
End Cap Seals (2) 

Evacuation Valve Assembly Seal 

Evacuation Valve 

Drive Motor Brushes 

Microswitches 

Lubrication 

Actuator Pivot Assemblies (Inner and Outer Gimbal) 

Gimbal Bearings and Lubricant 

Gears, Gear Bearings and Lubricant 

Torquer Brushes 

Tachometer Brushes 

Output Shaft Seal 

RFI Grounding Ring 

Sensor Pivot Assemblies (Inner and Outer Gimbal) 
Gimbal Bearings and Lubricant 
Slip Ring Assembly 
Output Shaft Seal 
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1.4.4 

RFI Grounding Ring 

1.5 

Electronics Assembly (EA) 

1.5.1 

RFI Gasket 

1.6 

Frame 

1.6.1 

Elapsed Time Indicator 

1.7 

ClIG Top and Bottom Covers 

1.7.1 

Cover Mounting Screws (and Access Cover Screws) 

1.7.2 

RFI Cover/Frame Gaskets 

1.8 

Overall CMG AssendOly 

1.8.1 

Mounting Bolts 

1.8.2 

Thermal Blankets 


2.0 In the Inverter Assembly (lA) 

2 . 1 RFI Gasket 

2.2 Relays 

2.3 Elapsed Time Indicator 
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SECTION 6.0 


POWER MODULE OfG 
ON-ORBIT REPLACEMENT APPROACH 


Both the Tnverter Assembly (lA) and the CMG's with their gimbal 
rate servo Electronic Assembly (EA) are planned to be replaced 
as units (ORU's). Preliminary concepts have been developed for 
orbital changeout. The lA will incorporate manually operated 
fasteners (captive mounting bolts) and electrical connectors 
(five on orbit) and a handle (or handles) for manipulation by a 
crewman. Drawing 5105591-9 (Inverter Assembly Concept Drawing, 
Orbital Replacement) depicts this approach. 

The CMG with EA will require both the RMS and Extra-Vehicular 
Activity (EVA) for changeout. For the RMS purpose, a grapple 
fixture is made a permanent part of each CMG structure. This 
approach is depicted on Drawing 5105590-9 (CMG Assembly, 

Concept Drawing, Orbital Replacement), which also depicts 
manually operated fasteners (captive mounting bolts), electrical 
connectors (three to engage/disengage) and handles for manip- 
ulation by a crewman. The CMG chanjeout scenario could be as 
follows ; 

(a) RMS attaches to CMG grapple fitting. 

(b) Fasteners and electrical connectors are released by EVA. 

(c) RMS moves CMG to tie-down point within the shuttle cargo 
bay. 

(d) Fasteners are secured by EVA. 

(e) RMS attaches to replacement CMG in cargo bay. 

(f) Fasteners are released by EVA. 

(g) RMS moves CMG to its place on the Power Module. 

(h) Fasteners and electrical connectors are secured by EVA. 

(i) RMS is removed from CMG. 
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GRAPPLE FIXTURE ATTACHED TO EXlSTiNQ 
HOLES IN CMC FRAME (4 PLACES} 

y — CAPTIVE MOUNTING BOLTS 
/ ITYPE TBOl 4 PLACES 


ORIGINAL PAGE B 
OR POOR QUALTIt 



^ 2 HANDLES FOR E.V.A. 

{ONE AT EACH END OF FRAME} 


TO SPACECRAFT CABLING 


7 

jPOLI:. 
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